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(54) Method of bonding metal plates, apparatus therefor and hot strip mill 



(57) A bonding 'apparatus - (5) for bonding metal 
plates! comprises an overlapping mechanism 1 ^) over- 
lapping portions to be bonded of the metal plates (1,2), 
at least two supports for supporting the 'over lapped por- 
tion of the metal plates at one side of the metal plates, 
and a shearing blade (8) disposed at an opposite posi- 
tion of the supports so as to sandwich the overlapped 
portion of the metal plates, wherein a moving mecha- 
nism is provided for moving relatively at least one of the 
shearing blade and the supports so as to sandwich the'" 
overlapped portion of the metal plates (1 ,2) between the 
supports and the shearing blade (8). A method for bond- 
ing is characterized by bonding metal plated by using 
the above apparatus (5). 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of bond- s 
ing metal plates and, more particularly, to a method of 
bonding hot rolled plates which makes it possible to per- 
form continuous rolling by bonding hot rolled plates in a 
short time when the hot rolled plates are rolled by a set 
of coarse rolling mills and a set of finish rolling mills. 10 

There are strong needs to improve productivity and 
quality and to realize automatic operation in a hot rolling 
facility of metal plates, by continuously performing finish 
rolling. The key technology is in the bonding of hot rolled 
plates (hereinafter, referred to as " sheet bars**). In the is 
case of a cold rolling plate, it is possible to bond the 
plates and perform continuous rolling because the 
rolled plates are thin and the strength of bonding is suf- 
ficient. However, in the case of sheet bars, it is difficult 
to bond the bars by welding because the sheet bars are so 
thick and the rolling speed (transferring speed of the 
rolled plate) is faster than that in a cold rolling mill since 
rolling must be finished before the temperature of the 
bars decreases. J 

In the past there have been many proposed meth- 2s 
ods of bonding sheet bars such as an electric heating 
method, a gas heating method, a melt-chopping method ' 
and a friction method. However, these methods have 
not been satisfactory as yet. The most important reason 
why they have not been satisfactory is that it takes a 30 
long time to bond the sheet bars. In a running type 
bonding apparatus, H the bonding of sheet bars can not 
be performed in a short time, the running length of the 
bonding apparatus becomes long since rolling speed t of 
bar is fast as described above. 35 
Therefore, it is difficult to realize such a machine. On the 
other hand, in a case where the bonding apparatus is of 
fixed type, a huge looper for accumulating bars is 
required since thickness of the sheet bar is generally as 
thick as 20 to 50 mm. In the past, it took 20 to 30 sec- *o 
onds at a minimum to bond sheet bars including the 
preparation for bonding, removing roll-over and burrs 
caused by pressing, etc. Technologies for shortening 
bonding time of bars are disclosed in Japanese Patent 
Application Laid-Open No. 4- 1 87386 and Japanese Pat- 45 
ent Application Laid-Open No.6-39405. 

In these technologies, strong metallurgical bonding 
can be obtained in such a manner that end portions of a 
preceding rolled plate and the following rolled plate are 
cut and rubbed at the same time, and butted against so 
each other if necessary, to bring the clean surfaces of 
the rolled plates in direct contact with each other without 
oxide films on the surfaces of the hot rolled plates. 

As a method of completing bonding in a short time, 
there is a push back blanking method, for example, ss 
which is disclosed in fiscal Heisei 6 (fiscal 1994)plastic 
working spring season proceedings, page 455. This is a 
method wherein materials to be bonded are overlapped 
from each other, held by a die and stripper, and then 



pressed in by a punch, whereby the materials are 
bonded. According to the method, sheared surfaces of 
the materials are bonded in a moment, so that a high 
bonding strength can be attained. 

From a series of tests in which the above technolo- 
gies as disclosed in JP A 4-1 87386, JP A 6-39405 were 
applied to various kinds of materials of hot rolled plates 
having various thicknesses, the inventors of the present 
invention found that when the rolled plates were made 
of carbon steel or stainless steel and the thickness was 
thick, the bonding strength was insufficient and break 
sometimes occurred in the bonded portion during roll- 
ing. Break of a rolled plate during rolling scratches the 
surface of a roll and the whole process line has to be - 
stopped, which substantially decreases production effi- 
ciency. 

Further, the push back blanking method is an appli- 
cation of blanking, using a punch and a die and can not 
be used for bonding of metal plates which are object to 
be applied by the present invention, in particular, for 
bars each having thickness of several ten mm. 

SUMMARY OF THE INVENTION * " 1 

An object of the present invention is to solve the dis- 
advantage in the conventional technologies described 
above, and to provide a method of bonding metal plates, 
particularly, hot rolled plates, 1 capable of bonding the 
metal plates with a sufficient bonding strength within a 
shorttime. ' - ; ^ 

In order to achieve the above-mentioned object, 
according to the present invention, there is provided a 
bonding apparatus for bonding metal plates, comprising 
an overlapping mechanism overlapping portions to be 
bonded of the metal plates; at least two" supports for 
supporting the overlapped portion of the metal plates at - 
one side of the metal plates, and a shearing blade dis- 
posed at an opposite position of the supports so as to 
sandwich the overlapped portion of the metal plates, 
and wherein a moving mechanism is provided for mov- 
ing the shearing blade or the supports so as to shear 
the overlapped portion of the metal plates between the 
supports and the shearing blade. 

As the overlapping mechanism overlapping por- 
tions to be bonded, the following mechanisms can be 
raised, for example, one of which is a mechanism over- 
lapping metal plates in the vicinity of shearing blade by 
moving up and down a stage supporting one of the 
metal plates to be bonded at a lower, side with power 
such as hydraulic power, pneumatic power, motor 
power, etc., another is a mechanism in which roller sup- 
ports for transferring metal plates to be bonded, having 
different height around the bonding apparatus are pro- 
vided and the metal plates are naturally overlapped 
when they reaches the bonding position. Any mecha- 
nism is sufficient if metal plates to be bonded have been 
overlapped at the bonding apparatus. 

As for the supports supporting an overlapped por- 
tion of metal plates at a lower side, usually, the over- 
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lapped portion is supported in such a direction that the < 
weight applied to the* metal plates is supported, that is. 
it is supported at the lower side. However, when the 
metal plates are of magnetic material they can be sup- ; 
ported by magnetic force at an upper side; or they can .5 
be supported at a lateral side by standing them in the 
vertical direction: The support can have cubic shape, tri- 
angle-columnar shape, circle-columnar shape, and any 
support can be used as long as the shape of the sup- 
port does not' change 1 when ^ the shearing blade is w 
pressed in the metal plate, \/ ~ ^ ' :f r f 

According to the above construction of the bonding 
apparatus? it is "possible to perform sufficiently strong 
bonding of metal pliates in a short time: In particular, it is 
possible to provide a bonding apparatus suitable for is 
bonding rolling material(re1erred to as' sheet bar), which - 
apparatus is positioned between roughing and finishing v 
hot strip mills and' necessitated to provide by difference r 
in rolling speed between the two kind of mills * t 0 1 

In the first present invention, it is preferable that an 20 
extension line of an operating locus of the shearing r 
blade crosses one of the supports. That an extension 
line of an operating locus of the shearing blade crosses 
one of the supports Vneans that in a case where the 
shearing blade is movable on an imaginary straight line, 25 
for example; the shearing blade hits the support when, 
the blade is moved toward and over the plates to be 
bonded; On the other words, it means that there is a 
part in bonding which is sandwiches between the shear- 
ing blade and [ the support arid pressed. When the 30 
shearing blade moves leaving a curved operating locus, " 
the movable shearing blade and /or the support is 
arranged so that an extension line of the locus crosses 
the support.^ By such , arrangement of. the movable 
shearing blade and the support, the plates to be bonded > .35 
are compressed and elongated in a direction perpendic- 1 
ular to the compression direction during the compres- \ 
sion, whereby clean surfaces of the plates to be bonded « 
are pressed to each other and bonding strength can be 
raised. - v 1 1 ■'■>■ . 2 ' 40 

In the first invention, it is preferable for the shearing 
blade to have such a shape that a lower edge portion of 
the shearing blade closer to one of the supports which 
the above-mentioned operating locus crosses is closer 
to an overlapped portion of the plates to be bonded than 45 
another lower edge portion closer to the other support. 
For example, the section of the shearing blade is 
approximately arcuate shape when viewed from a side . 
of the plate to be bonded, as in Fig. 3 ."■ 

By such a construction of the shearing blade, a so 
bending angle of the plates to be bonded becomes 
small, and it is easy to flatten the bonded portion after 
bonding. Further; even small power is sufficient for driv- ♦ 
ing the shearing blade or supports. 

In the first invention, it is preferable that the shear- ss 
ing blade relatively moves in a straight line to the sup- 
ports and the shearing blade and the support overlap 
when it is viewed along the straight operating locus line. 
This means that the extension line of operating locus of 



the shearing blade crosses one of the supports and the 
shearing blade moves in a straight line. Since the shear- 
ing blade moves straightly, the apparatus has an effect 
that the construction thereof becomes simple. ' 

In the above invention, a length of overlapping por- 
tion of the support and the shearing blade is preferable 
to be 10mm or less when it is measured along a length ■ 
direction of the plate to be bonded: " • • ' v . <- < v 

Even if there is no overlapping, a certain strength of • 
bonding can be attained. In particular, although there is 
no problem in a case of aluminum material which is soft, - 
when plates to be bonded are thick; provision of the 
above-mentioned * certain + overlapping portion can 
increase the bonding strength; ~ t . v 

In the first invention, a stroke of the movable shear- . 
ing blade after contact with the upper surface of the ' 
plates to be bonded is preferable to be 50% or more and 
150% or less of the -maximum; thickness of the over- ; 
lapped metal plates. v v vjt ^ 1; - ^ • -v^r 

In the present' invention, it is preferable to bond 1 
metal plates by deforming the metal plates without : 
shearing the metal plates. A lot of energy is required for, 
moving the shearing blade or supports until the plate is - 
completely sheared. Therefore, the stroke ol the shear- ;( . 
ing blade, relative to metal plate is preferable to be 50% 
or more and 150% or less of the thickness of the plate. »■ 
By this construction, it is possible to provide a bonding, 
apparatus which can effect bonding, of - high strength • 
with small consumption of energyo L ; j ))E ,. ir . \- r - y>\. s 

In the first invention.^there-can^be.proyjded^an , 
equipment by., which; the .bonding apparatus is movable . 
on a rail: For a bonding apparatus arranged between, 
the roughing and finishing strip mills, by constructing the v 
bonding, apparatus so. as to complete, bonding while ^ 
moving the bonding apparatus in synchronism with the ( 
feeding speed, of a hot strip being rolled, it is unneces- 
sary to provide a so-called^looper. which adjusts the., v 
feeding speed by deforming the strip being rolled. That-?* 
is, a construction of a continuous rolling equipment 
becomes simple, ■ - - ■ , - t . ti : \<,r\ , tl . , ■ 

In the first .invention, the .supports can be con- 
structed to be one piece or joined pieces with a concave 
shape. This construction makes the bonding apparatus 
simple and reduces a cost of the apparatus. : < 

In the first invention, it is preferable that metal plate . 
is hot rolling plate (sheet bar). The temperature of the 
metal plate to be joined is preferable to be higher in view 
of easy deformation of the plate. As a result, energy 
required for bonding becomes to be lower and bonding 
strength becomes to be higher. In the case of bonding 
cold rolling plates, heating before bonding can be used. 
In the case of hot* strips being. bonded, a heater is 
unnecessary and the construction can be made simple. . 

In the first invention,, the section of the shearing 
blade pressed in the metal plate, viewed from a lateral 
side of length direction of the plate is polygonal such as 
trapezoidal shape, the contact area of the shearing 
blade with the plate changes continuously, and an angle 
of the shearing blade first contacting with the plate to 
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the ptate can be about 0° . This shape can be straight - 
and arcuate. In a case of the arcuate shape, a tangen- 
tial angle at a point in contact with the plate is made 0° 
. Further, an angle of the shearing blade first contacting 
with the plate in a direction perpendicular to the surface 5 
of the plate influences the life of the shearing blade in 
operation, so that it is desirable to be 90° or more. Fur- 
ther, it is desirable to form the shearing blade shape so 
that the trailing edge of the shearing blade is pressed in 
the overlapped portion of sheet bar at a time when the 10 
pressing of the shearing blade is completed. By forming 
the shearing blade in this shape, a lapped portion of the 
lower plate, corresponding to the trailing edge of the 
shearing blade bites into the concave of the supports, it 
is possible to cause a large pressing pressure in the 15 
bonding area:.rt t;.. , .. .* . • : . . 

The shape of the' concave of supports influences .'. 
greatly the bonding strength: The shape of the supports 
corresponding to a portion at which the shearing blade > 
contacts first with the sheet bar is sufficient to be a 20 
shape along the operating locus of the shearing blade 
but preferable to be a shape such that the supports 
crosses an extension line of the operating locus. For 
example, when the operating locus of- the shearing 
blade is a straight line perpendicular to the sheet bar, rt 25 
is preferable to be ah oblique shape not perpendicular 
but inclined/ that is, 90° or less in an'edge" angle of an 
upper portion of the supports corresponding to a portion , ; 
at which the shearing blade contacts first with the sheet 
bar, and larger in a bar length-wise distance between 30 
the supports' of the concave as thedepth of the concave : 
becomes deeper. By this construction, all the over- % 
lapped portion 1 of the lower bar, deformed in* a case 
where the shearing blade is pressed in is self-locked 
and supported by the concave portion, whereby a large 3$ 
pressing pressure to the bonding area can be realized 
when the sheet bars are bonded. Further,' it is desirable 
to form the support corresponding to a portion at which ' 
the shearing blade contacts finally with the bar to be 
such a shape that bites into the lower bar at the time of 40 
completion of the pressing as mentioned above. In 
usual, the support is sufficient to be a shape along the 
operating locus of the shearing blade, but it is preferable 
to be such a shape that protrudes to a direction of the 
shearing blade. ' — : <s 

Further; operation conditions of the shearing blade 
are described hereunder. In this bonding method, the 
speed of pressing in of the shearing blade to the sheet 
bar influences greatly the bonding strength. When the ' 
speed is low, scales are unlikely to be separated, they so 
are deformed together with the sheet bar, and the 
scales are likely to be spread widely in the bonded sur- 
faces and left therein after the bonding; Therefore, high 
speed is preferable. 5 mm/s or more is preferable and 
more preferable 50 mm/s or more. : 55 

The bonding surface of the sheet bar according to 
the bonding method of the present invention is in a lon- 
gitudinal direction of the sheet bar at the time of starting 
of the bonding, that is, immediately before the shearing 



blade presses, the bonding area is a part of the over- 
tapped sheet bar. As the shearing blade moves down, 
the bonding surface is pressed in by the shearing Made 
to deform and finally it is in an oblique direction inclined 
against the thickness direction of the shearing bar. The • 
angle changes according to the bonding conditions 
such as an amount of lapping of the shearing blade and 
the support, stroke of the pressing in, etc.,. and influ- 
ences a rolling process after the bonding. The larger the. 
angle is, that is, bonding* surface * becomes more 
oblique, the more the bonding area can be prevented 
from breaking during rolling and stably operated. 

As one of the methods of securing the strength of a 
bonding area at the time when rolling, there is a method 
of enlarging the bonding area. In order to perform this, a 
sectional shape of the shearing blade - and support 
viewed from an up and down direction of the sheet bar,-: 
that is, a shape in a width direction of the sheet bar is 
sufficient to be wave-formed shape; In a .case where 
wave-form is formed in a triangle of 90* , for example, 
the bonding area is 1.4 times as compared with, the 
case of straight line, when, the angle of the triangle is 
60° , the bonding area is 2 times compared with ; the 
case of straight line, when the wave form is shaped in 
the semi-circular shape, it is 1 57 times and when the* 
wave form is formed in rectangle,, the bonding area can 
be increased by an area corresponding to the sum 
(increased length) of the depth of the concave and con- 
vex, in this case, when the bonding area is shortened in 
the longitudinal direction of the sheet bar, the depth of 
the concave and convex- isp made ^smaller .and the 
number of the waves is increased - / v- ---v. / . 

Since sheet bars have width of :1000 mm or more in- 
usual, the sheet bar rolled, in particular at the trailing 
end becomes larger in elongation at the center. (There- 
fore, the bonding area becomes Jikely to be cracked at 
width edges when it is rolled.: In order to prevent this 
cracking, it is desirable to form bonding area, at both 
width ends so as to protrude toward the forward direc- 
tion of the sheet bar than the bonding area at the width 
center. That is, it is desirable that the shape of the 
shearing blade and support; viewed from upper or lower 
side of the longitudinal direction of the sheet bar is like a 
V shape in which both ends of the shearing blade and 
support protrude toward the forward direction of the 
sheet bar. As a concrete shape, an inverse triangle in a. 
forward direction, a hemi-circle, ■•• or ellipse . can be 
selected when it is needed. By superimposing the 
above-mentioned wave form on the V shape, an effect 
of increasing a bonding area increases and a stable 
operation of high reliability can be performed. • 

In bonding sheet bars/ it is an object to bond the 
backward end of a preceding bar and the forward end of 
the following bar thereby to effect smoothly finish rolling 
in an after process, so that it is necessary to remove 
overlapped portions of the sheet bar(hereunder ( 
referred to as crop) other than a bonded area. Easiness 
of the removal depends on a shape of the shearing 
blade and support. Further, bonding conditions such as 
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an amount lapping between the shearing blade and the 
support, an amount of pressing stroke, etc., in particu- 
lar, an amount of pressing stroke influences greatly 
thereon/ ; ( * ; 1 ' ' - : ' :1 \ ' * 

As mentioned above/ a bonded area'according to s 
the present bonding method becomes a shape' inclined 
agairisf a thicta^s^dW Th© 
crop is cut off, however; connection between the crop 
and boribed sheet fer is] left accordiriglo an amount of 
pressing stroke." As k method of 'separating* crop, a to 
proper method can be taken such as a method of press- 
ing a crop in a direction bf sheet bar length or width in a 
moment, a r m&hod of separating the ci-op^by a tool such 
as craw, etcf, however, in order to make it easy to sepa- 
rate, it is p^ the bonding condition' so is 
that a connection Remaining pkrt between "the ' tonded * 
sheet b'arand'the^rppl fs 5 mm or less in a thickness 1 v 
direction 1 . From' this stendpoirit/'a pressing stroke is at 7 
least b^r^hic^ess ormore, prefe bar - 
thickness u qr' morer* When the pressing Stroke is 1.2 "20 
times the bar thickness or more, the connection remain- 
ing thickness becomes small and at trie same time a 
plastic deformation of the bonding' portion becomes 
large, to 'thaf bonding strength also increases' Further, v 
when only bonding^portibn is descaled : without descal- 2s 
ing ah' other overlapped portion ■ of the sheet bar;- it is 
suitable for crop separation because crop separation 
force become^srtiaii: On the contrary; in order to raisS r * 
separability Irf crop, it can be Used to coat inert material 
such as ceramic powder on a overlapped sheet bar sur- 30 
face ^except' fbrbondihg area before bonding, i.ln thism-v 
case, it may be necessary to remove the'coated mate- • : 
rial from 'the bonded sheet bar after crop separation, v v ~ 

Some ideas "are needed for crop'removirig, in par- : 
ticula?- when sheet bars having different thickness ordif- 35 
ferent width are bonded: In a case where sheet bars ot\ 
different thickness are bonded, a pressing stroke is set 
so as to be is suitable for thicker one of the metal plates. 
By this setting; crop of a thinner sheet bar is in a state 
that the sheet bar is cut at bonding since almost no con- 40 
nectibn remaining portion is left'- Crop separation is 
effective by providing a controller which can automati- 
cally adjust pressing stroke by detecting the thickness of 
sheet bars to be bonded. In a case where plates of dif- 
ferent width are bonded, it is necessary to use a method 45 
of cutting the sheet bar so that the width of the plates 
are same as each other in a process till the completion 
of bonding after overlapping, a method wherein a shear- 
ing blade or support is divided into plural, the blade sec- * 
tion out of the plate width has a pressing stroke so 
increased by a stroke amount corresponding to the 
thickness in advance of bonding, etc: 1 

As mentioned above, in the bonding method of the 
present invention, bonding is performed while keeping 
cleanness through crashing of scale on the metal plate ss 
surface, however, the crashed scale disperses in the 
bonded surface and a substantial bonding area 
decreases. In order to secure operability of high reliabil- 
ity by raising bonding strength and increasing success 



J4 A2 8 

probability of bonding, it is desirable to perform descal- 
ing of surfaces of metal plates to be bonded before 
overlapping them. As the descaling method, there are 
various methods such- as mechanical grinding by a , 
rotating cutter, mechanical broaching, etc. jetting high 
pressure water; combustion gas jetting from acetylene 
gas burner; etc: It is preferable to select, and use a - 
method which is effective in a short time. Here, descal- 
ing is not necessarily performed on all the overlapped 
surfaces; As mentioned above, it is preferable to per- 
form descaling of a . limited region that , a plate is 
deformed to be a bonding surface. Concretely, it is most 
preferable to effect descaling in a region of 10-30 mm in 
a longitudinal direction, * ' - : • 

The present bonding method is principally; solid 
phase bonding, and utilizes plastic deformation: For the' 
bonding,' tempe^aturer' cleanness r and pressing press ( 
sure to the r bonding 1 surface 'are important! -As men- ' 
tioned' above, c hot. tolled "material reaches - \o-a> 
temperature of 800-1 000°C; however, it is preferable to 
provide a heater or a temperature adjuster to attain sta^- 
ble bonding strength; The bonding strength can be 
raised by rising the temperature of a material. Further/ 
temperature adjustment always enables bonding under 
a constant condition, raise reliability of the bonding 
apparatus. ~ ijhlJ; ^si:* 1 ' ■ . ^ ii >"^ 

Further/ according to the second invention, there is. 
provided a hot strip mill comprising an intermediate-' 
coiler coiling up a sheet bar, a leveler flattening the 1 
sheet bar from the intermediate coiler, a bonding appa-^ 
ratus overlapping the'sheetbar from the>leveler and 
bonding,* a crop treatment apparatus removing crops* 
produced "during the bonding, and a finishing- mill,': 
wherein the bonding apparatus is characterized by av 
bonding apparatus described in claim 1.. The first inven- 
tion of the present invention can be applied Jas a bpndr f! i 
ing apparatus in the hot strip mill and has various effects » 
such that a total; length of the mill equipment can be . 
shortened because a time required for the bonding is - 
short, aJooper can be omitted, no break occurs in a 
bonding area during rolling, thereby not scratching a f 
rolling roll surface because sufficient bonding strength 
can be attained. 

According to the third invention of the present, 
invention, there is provided a bonding method of bond-, 
ing metal plates, characterized by overlapping at least 
two metal plates and then applying shearing force to at , 
least one portion of the overlapped portion in a thick- 
ness direction of the metal plates, and bonding the 
metal plates while generating such pressing force that* 
shearing surfaces of the overlapped portion are pressed 
each other. - 

As a method of extending the metal plates to be . 
bonded in the longitudinal, it is sufficient to simply apply 
tensile stress to the metal plates in the longitudinal 
direction. However, .since a large deformation rate can- 
not be. attained when the distance, between points of 
applying the stress is apart too long, it is preferable that 
the distance between the acting points is set short to 
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attain a large deformation rate. The term longitudinal 
direction" is used in contrast to the term thickness . 
direction". That is, it is not necessary to extend in paral- 
lel to the longitudinal direction, but the extending direc- 
tion may be inclined to the thickness direction (upward 5 
and downward direction of the metal plates to be 
bonded). The metal plates to be bonded can be strongly 
bonded by extending the metal plates at the same time 
and pushing the extending portions against each other 
nearly in the direction perpendicular to the extending 10 
direction. The deformation rate of 1000 % itself is not a 
critical value. The larger the deformation rate is, the 
higher the cleanness of the bonded surface becomes 
and therefore the stronger the metal plates are bonded. 
The magnitude of the deformation rate. may be control- 75 
led, depending on a required absolute_yalue of bonding 
strength. In bonding of .hot rolled plates, ^cleanness of 
the bonded surface is important By extending the metal 
plates to be bonded so as to have a very large deforma- 
tion rate, oxide films formed on the surface of the hot 20 
rolled plate are flaked and pealed off to expose a clean 
surface. Strong metallurgical bonding can be attained 
by pushing the hot rolled plates against each other so 
as to sandwich the clean surfaces. Since a generated 
clean surface is oxidized in a short time in atmosphere, 25 
it is preferable that the produced clean surfaces are not : 
exposed to atmosphere by applying forces pushing the 
expanded metal plates each other so as to closely con- 
tact the clean surfaces. There are man/variations of the 
bonding method depending on a method of extending 30 
the meal plates to be bonded and a method of applying^ 
the forces unevenly pushing the expanded metal plates 
each other. Variations of the bonding method in accordr 
ance with the present invention will be described below. 

A bonding method bonds two metal plates by over- 35 
lapping the two metal plates, and then restraining an 
overlapped portion of the metal plates not to move in the 
longitudinal direction and at the same time applying 
sandwiching pressures to part of the metal plates over- 
lapped, nearly in parallel to the thickness direction of the 40 
metal plates from the upper side and the lower side of 
the metal plates. 

At this moment, the part of the overlapping metal 
plates applied with the pressing pressure acts to be 
extended and produce a force to move the metal plats in 45 
the longitudinal direction. However, since the metal 
plates are restrained not to move in the longitudinal 
direction, a pressure parallel to the longitudinal direction 
of the metal plates is generated. The produced pressure 
parallel to the longitudinal direction of the metal plates is 50 
the sandwiching forces pushing the extending portion in 
the principle of the present invention. That is, by a single 
operation of applying the sandwiching pressure to the 
part of overlapped portion of the metal plates, the metal 
plates to be bonded can be expanded and the pres- 55 
sures to sandwich can be applied to the expanded por- 
tion at the same time. As the method of applying 
"sandwiching pressures to the metal plates overlapped 
nearly in parallel to each other in the thickness direction 



of the metal plates from the upper side and the lower 
side of. the metal plates", something like an opposed*, 
press machine may be used, but it is difficult to obtain a 
large extension rate using such a machine. Therefore, it 
is preferable to use a machine in which cutting blades 
are arranged opposite and offset, and the cutting blades 
are moved closer to each other, like in a pair of scissors. 
This operatipn can be easily, understood by imaging a 
situation where a rubber sheet haying a large elasticity 
is cut using a pair of scissors. As the cutting blades of 
the pair of scissors approach closer to cut the rubber 
sheet, the rubber sheet cannot be cut off well but is sim- 
ply extended because of the high, elasticity of .the rub- f 
ber. Similarly, as the portion of the overlapped metal 
plates are pushed by offset shearing blades from the 
upper side and the lower side, plastic flow is caused in 
the metal plates to produce extension of a large defor- 
mation rate. What shape of the 'sheafing blade is used " 
for sandwiching and pressing the overlapped portion of 
the metal plates is adjusted, based on the magnitude of 
pressure to be applied and the bonding strength to be 
required. A most simple method of retraining the metal 
plates so as not to be moved in the longitudinal direction 
is to mechanically restrain .the metal plates by friction, 
forces using clamps. Any., method .as ( far :~as it can 
restrain the metal plates, for example, a method utilizing 
electromagnetic forces, can be employed since .the t 
effect of the present invention can be attained/ „.*, 

A generalized example of the aforementioned con- 
struction is that "a means for restraining is at least two 
pairs of clamps sandwiching the overlapping metal plats , 
from the upper side and the down side, and a means for 
applying the sandwiching pressures is a pair of shear: 
ing blades placed opposite to each other across the 
overlapping metal plates and. being capable of applying, 
a pressure, higher than . a yield stress of the metal 
plates".;- '.. \ :.. v.- • j f; - 

The construction can be simplified by that one of 
the pair of shearing blades is a stationary blade and the 
other is a movable blade, and one of the, clamps among 
the two pairs of clamps placed opposite to the movable 
blade serves also as the stationary blade. 

In the above construction, the most dominant factor 
to determine the magnitude of bonding strength is the 
degree of extension of the metal plates. That is, the 
degree of extension becomes large as the operating 
stroke of the shearing blades is large. In a case of bond- 
ing plates made of a steel material, in order to obtain a 
bonding strength generally required, it is preferable that 
an operating stroke of the pair of shearing blades after 
being brought in contact with the upper surface of the 
metal plates is larger than 50 % of the plate thickness of 
the metal plate. * . 

In order to further increase the bonding strength, it 
is preferable that the pair of shearing blades overlap 
with each other in an extending line of the operating 
locus of the shearing blade. The term "overlap" means 
that there is a portion where the upper shearing blade 
overlaps on a part of the lower shearing blade when the 
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upper shearing blade is seen from directly above. By 
constructing as described above, the pressure to the 
bonding surface occurred at expending the metal plates 
becomes large andaccordingly the strength of bonding 
becomes large. In a case of bonding plates made of a 5 
steel material, in order to obtain a bonding strength gen- 
erally required/ it is preferable that an amount of over- 
lapping between the shearing blades is 0.1 mm or more. 
However, when the amount of overlapping is larger than ^ 
10 mm; the possibility to cause cracks in the width end 10 
portions of the metal plates. The above value is a crite- 
rion to determine an amount of the overlapping between 
the shearing blades, and the most preferable amount 
may be experimentally determined based on the crite- 
rion. w . ; s* '. *>..,< . * ■ o r : , 15 

The portion called as the. shearing blade in the 
above description can be referred to as the term "press- 
ing jig" because it is not always necessary to be a blade. 

In the bonding apparatus,* it is* also possible that 
one of the pair of blades is a stationary blade and the 20 
other is a movable blade, and one of the clamps among 
the two'pairs of clamps placed opposite to the movable 
pressing jig serves also as the stationary blade. 

In the above construction Jhere is no problem, from 
the view point of bonding; with that the shape of the < 25 
movable pressing jig may be rectangle. However, from , 
the view point of flatness of the bonded area after bond- 
ing, a preferable shape of the movable pressing jig is , 
such that the height of a side close to the bonded por- t 
tion of the metal plate to be bonded in the upper side is 30 
the lowest and other side apart from the bonded portion 
of the 'metal plate to be bonded is higher.' That is, it is 
preferable that the movable pressing jig is formed in 
such ashape that the cross-sectional shape of the mov- 
able pressing jig seeing from the width direction of the , ,35 
metal plate is a sector or a trapezoid in which the side « 
connecting between the both edge portions of the mov- - ; 
able pressing jig is a smooth curve, t r i 

The portion of overlapping the metal plates is 
formed not only by simply stacking metal plates to be 40 
bonded, but may be formed by butting two metal plates 
and putting a third metal plate on the butting portion. 
Although the bonding process in this method is more 
complex than in the aforementioned method, there are 
advantage in that flattening process after bonding can as 
be omitted and an amount of crop generated during 
bonding is small. 

Further, the upper clamp and the lower clamp in 
each of the two pairs of clamps placed in the upper side 
and in the lower side of the metal plate are linked and so 
the two pairs of clamps are moved in parallel to each 
other so that the two pairs of clamps also serve as the. 
pair of pressing jigs. Although the basic construction of 
the present invention is composed of six jigs, that is, two 
pairs of clamps and a pair of shearing blades, each of ss 
the jigs may be also served as the function of the other 
jig. In the method of the above case, the effect of the 
present invention can be attained by the total number of 
four jigs. The characteristic of the above case is that the 



clamps arranged in the upper side and in the lower side 
are linked to perform operations of extending and sand- 
wiching to press the metal plates by moving the clamps 
arranged in the upper side and in the lower side at the 
same time and in parallel. However since a large stress 
acts on the link mechanism, it is necessary to design 
the link rods and the pivot potions connecting the link 
rod and each of the clamps so as to have sufficient^ 
strength.Therefore, it is thought that the bonding. appa-. 
ratus described above is suitable for a case where the 
metal plates to be bonded are formed of aluminum or 
copper which has a small yield stress. 

It is preferable to apply the aforementioned bonding 
apparatus to a hot strip mill facility which comprises an 
intermediate coiler lor coiling a metal plate, a leveler for 
flattening the metal plate coming out from the intermedi- 
ate coiler, a bonding apparatus for overlapping and 
bonding the metal plate coming out from the leveler, a 
crop disposing apparatus for cutting off a crop produced, 
at bonding and a finishing mill. t r«. 

Describing the present invention in more detail, a 
preceding sheet bar and the following sheet bar are 
overlapped in the line of the hot strip mill facility, a lap- 
ping amount of the shearing blades is set to a . specif ied . 
value to produce a stress large enough to cause plastic * 
flow deformation in the part of the overlapped portion, at - 
least one of the shearing blades, the shearing blade in 
the upper side or the shearing blade in.the lower side, is 
pushed into the sheet bars in the thickness direction of 
the sheet bars from upper side to the lower side or from 
the lower side to the upper side, plastic flow deformation 
is caused in the two bars to press-bond the surfaces of 
the upper bar and the lower bar. FIG. 3 shows an exam- - 
pie of the arrangement of shearing blades where ; the 
upper shearing blade , is pushed downward. (Therein, 
when pushing depth (D) of the shearing blade is set to a 
value larger than the thickness of the sheet bar, the left- 
over end portion not contributing press-bonding can be 
cut off (crop-removing) during the deformation process 
and accordingly it is not always necessary to introduce 
an apparatus tor crop-removing. As the bonding atmos- 
phere, atmosphere and a non-oxidized atmosphere 
including vacuum may be acceptable. It is clear by con- 
sidering the bonding mechanism that a better bonding 
result can be obtained if the present invention is per- 
formed in a non-oxidized atmosphere. - 

The key point of practical use of sheet bar bonding 
is in whether the bonding can be performed in a short 
time, and the bonding strength is acceptable if the bond- 
ing area does not break in the next rolling process. The 
present invention is realized by considering this point 
and eliminating unnecessary . processes.. That is. as 
described above, a preceding sheet bar and the follow- 
ing sheet bar are. overlapped, the overlapped portion of 
the bars is arranged between the upper and the lower 
shearing blades in which a lapping amount of the shearr 
ing blades is set to a specified value to produce a stress 
large enough to cause plastic flow deformation in the 
part of overlapped portion, further the sheet bars are 
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restrained by clamping, the two sheet bars are 
deformed by moving at least one of the shearing blades, 
the shearing blade in the upper side or the shearing 
blade in the lower side, into the sheet bars in the thick- 
ness direction from upper side to the lower side or from 5 
the lower side to the upper side to press-bond the sur- 
faces of the upper bar and the lower bar: Therein, 
whether the bars can be bonded or not depends on 
whether sufficient plastic flow deformation is caused in 
the metal plates and whether pushing pressure neces- w 
sary for close oontaict is applied to the metal plates. That 
is, when the plastic flow deformation occurs, the oxide 
films attached on the surface of the bar cannot with- 
stand the deformation and are flaked and pealed off . 
from the surface. Therefore, the contact surfaces are 75 
cleaned and at the same time pushed each other to be 
strongly bonded. In addition to this, when the surfaces - 
of the bars are rubbed in the deformation process, the . 
bonded surfaces are activated and the bonding strength * ; 
is further improved. In general; it, has been confirmed.- so 
that bonding capable of sufficiently withstanding rolling 
can be attained with pushing speed of the shearing 
blade of nearly 1 mm/s even in atmosphere. However, 
when a bar (soft steel) having a temperature above >: 
800°C is deformed with as fast as a pushing speed of 25 
higher than 500 mm/s, friction heat is generated due to . 
rubbing action described above so that the surfaces of 
the bars are melted or brought to a semi-molten state; 
and the oxide films on the surface are accelerated to be 
dispersed and - the bonding performance is. furtheir 30 
improved: Increase of pushing speed is very effective 
for increasing the bonding strength since the increase of 
pushing speed activates the contact surface even if the 
contact surfaces are not melted. ^ 

In order to obtain a bonded portion capable of with- 35 
standing rolling; it is necessary to closely contact the 
bars by applying sufficient pushing force in the plastic - ! 
flow deformation process and the bonding protess. The 
inventors of the present invention conducted various 
tests with the bonding method shown in FIG. 17 and 40 
found that by setting a position of the lower shearing 
blade within the movable range of the upper blade as 
shown in FIG. 1 7, plastic flow deformation took place by 
pushing with the shearing blade arid the plastic flow 
deformation caused pushing force between the bonded 45 
surfaces of the bars to closely contact the bars each 
other. That is, by properly adjusting the positions of the 
upper arid the lower shearing blades, pushing force is 
generated as the bars are deformed with plastic-flow 
and bonded as shown in FIG. 19 and the bonded por- so 
tion is strong enough to withstand rolling. 

Further, in order to generate a larger pushing force 
in the process of pushing the shearing blade, the shape 
of the shearing blade is important. For example, a large 
pushing force can be generated by setting the radius of ss 
the top end portion in the shape shown in FIG. 19 to R 
240 mm. On the contrary, in a case where" the shape of 
the top end portion is designed to 12 degree as shown 
in FIG. 14, the pushing force is smaller than in the case 



of FIG. 19. Although it is necessary that the pushing 
force is varied depending on the material of the metal 
plates to be bonded, the pushing force can be varied by 
changing the shape of the shearing blade. When the 
shape of the shearing blade is designed in a straight 
shape as shown in FIG. 15, the whole width can be 
bonded but a large pushing force is required. However, 
it has been experimentally known that sufficient bonding 
strength capable of withstanding rolling can be obtained 
when the edge portion is strongly bonded. Therefore, 
bonding over the whole width is not always necessary. 
Further, it is possible that the shearing blade -» is 
designed in a wave-form as shown in FIG. 29 to bond 
discretely. • . , 

As having been described above, the present 
invention is brought through observing the, bonding 
process of metal bars in detail, r; ;.y •.. t 

According to the present invention, since the for- 
ward end of a bar and the backward end of a bar can be 
bonded, the bars can be continuously connected. Furr 
ther, since the bonding method is simple and does not 
require any additional heating energy, the method has 
an advantage in maintainability of the apparatus. Fur- 
thermore, since the bonding method is essentially a 
solid-phase diffusion bonding, and burrs are not pro- 
duced in the bonded area, the bonding time is basically 
determined by the pushing speed. For example, if it is 
taken into consideration that the pushing speed is 100 
mm/s, it can be understood that the method of the 
present invention is capable of shortening the bonding 
time. In addition to these, although it is confirmed that 
bars can be firmly bonded by setting the stroke of push- 
ing to a value larger than 0.7 time of the thickness of the 
bar, it is preferable that the stroke of pushing is set to a 
value larger than the thickness of the bar when crop 
removal and bonding are performed at a time. In this, 
case, any apparatus for crop removal is not required. 
Therefore, the present invention is the best method of 
continuously bonding bars. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a view showing the basic construction of an 
embodiment of a bonding apparatus of hot rolled plate 
in accordance with the present invention. 

FIG.2 is a view showing the principle of bonding in 
accordance with the present invention. 

FIG. 3 is a view showing the positional relationship 
of an upper and a lower shearing blades in a case in 
which the upper shearing blade is pushed. 

FIG. 4 is a view showing the outline of a bonding 
process in accordance with the present invention. 

FIG. 5 is a view showing press bonding process at 
plastic flow deformation in the figure showing the princi- 
ple of bonding in accordance with the present invention. 

FIG.6 is a chart showing an example of order and 
elapsing time of bonding work in accordance with the 
present invention. 

FIG. 7 is a graph showing the relationship between 
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thickness of bar and amount of lapping in accordance 
with the present invention. 

FIG.8 is a graph showing the relationship between 
pressing ratio and bonding strength in accordance with 
the present invention. ' " ' " 5 

FIG.9 is a graph showing the relationship between 
pressing rate or speed and bonding strength in" accord- 
ance with the present invention. 

FIG. 10 is a matrix showing the relationship among 
temperature of bar, and pressing speed, and presence 10 
and absence of melting in accordance with the present 
invention. *•* : ■ • " (i ' ' 1 ' 1 '' ' - f u ' : 

FIG.1 1 is across-sectional view showing an embod- 
iment of a bonding apparatus in accordance with the 
present inveintior?. C; ' ' - 7 ot - r is 

FIG!1 2 is across-sectional view showing an embod-- 
iment of a bonding apparatus in accordance with the 
present invention. ' - r * " r ' ^ • '■** 

FIG!i3 is across : sectional view showing an embod- 
iment' of a bonding apparatus in accordance with the 20 
present invention^ 

FIG. 1 4 a cross-sectional view "showing an embodi- 
ment of a shearing blade shape of a bonding apparatus 
in accordance with the present invention. 

FIG. 15 Ms~ a "cross-sectional view "showing an 25 
embodiment of a shearing blade shape of • a bonding 
apparatus in accordance with the present invention see- 
ing from thedirection of plate widthV ■ ' 1 " ^ ri 

FIG. 1 6 is a view showing a wh6le : rolling mill facility 
in accordance with the present invention. - ■ * ■ - 1 ; ' 30 

FIG.17 is a view showing the basic construction of 
an embodiment of a bonding apparatus" of hot rolled 
plate in' accordance with the present invention. ' 

FIG.18 is a view showing a construction in which - 
the bonding** apparatus of [ the present invention < is 35 
assembled in a hot strip mill. 

FIG.19 is a view showing the outline of a bonding 
process in accordance with the present invention; , -i : 

FIG.20 is a sectional view taken from a lateral direc- 
tion of a sheet bar, of an example of a bonding appara- ■ 40 
tus of the present invention. - . 

FIG.21 is a sectional view taken from a.lateral direc-, 
tion of a sheet bar, of an example of a bonding appara- 
tus of the present invention; : . 

FIG.22 is a sectional view taken from a lateral direc- 45 
tion of a sheet bar, of an example of a bonding appara- 
tus of the present invention. 

FIG.23 is a sectional view taken from a lateral direc- 
tion of a sheet bar, of an example of a bonding appara- 
tus of the present invention. 50 

FIG.24 is a sectional view taken from a lateral direc- 
tion of a sheet bar, of an example of a bonding appara- 
tus of the present invention. 

FIG.25 is a sectional view taken from a lateral direc- 
tion of a sheet bar, of an example of a bonding appara- 55 
tus of the present invention. 

FIG.26 is a sectional view taken from a lateral direc- 
tion of a sheet bar, of an example of a bonding appara- 
tus of the present invention. 



FIG.27 is a sectional view taken from a lateral direc- 
tion of a sheet bar, of an example of a bonding appara- 
tus of the present invention. 

FIG.28 is a sectional view taken from a lateral direc- 
tion of a sheet bar, of an example of a bonding appara- 
tus of the present invention. 

FIG.29 is a sectional view taken from an upper 
direction of a sheet bar, of an example of a bonding 
apparatus of the present invention.,. , 

FIG.30 is a sectional view taken from an upper 
direction of a sheet bar, of an example of a bonding 
apparatus of the present invention. 

FIG.31 is a sectional view taken from an upper 
direction of a sheet- bar, of an, example of a bonding, 
apparatus of the present invention. 

FIG.32 js a sectional view taken from an. upper 
direction of a sheet bar, ; of an example of a bonding . 
apparatus of the present invention. , , t 

FIG.33 is a sectional, view taken from an upper 
direction of a sheet bar, of an example of a bonding 
apparatus of the present invention. # . , t; r 

DESCRIPTION OF THE EMBODIMENTS 

FIG.2 is a view showing the principle of bonding in 
accordance with the present invention. This figure is a 
view seeing plates from a side position of the plates. 
End portions of the two plates to be bonded arepver-., 
lapped. The overlapped portion of the plates are 
clamped from the upper side and the lower side to be 
fixed. Then i; a .shearing, blade js rroyed dqwnward. 
Between. the extending region of the operating locus of 
the shearing blade and the clamp in the lower sicie (the 
clamp in the lower. side may be called as a "lower shear- 
ing blade") there is flapping portion shown. by hatching., 
In the present invention, the hatched portion is called as : 
a sandwich pushed, portion. .This portion is pushed frpm u 
the upper side and. the lower .side, and the pressure in 
this portion is gradually increased as the shearing blade 
is moved downward because the metal plates to be 
bonded are restrained between the, clamps and the 
pressure is released only in the lateral direction. By this, 
pressure, the meta( in the pushed portion is extruded in 
the longitudinal direction of the metal plates. By this 
pressure, the pushed portion of the metal plates causes 
plastic flow deformation. In this case, the metal plates 
cause large plastic deformation without being separated 
by the pressure of the pushed portion. Although the 
plastic deformation depends on an amount of lap, the 
plastic deformation rate at this time becomes 1000% or 
more at a portion (for example, a portion near the first 
contact point between the upper shearing blade and the 
upper metal plate) in a case where the amount of lap- 
ping is 2 mm and the thickness of the metal plate is 200 
mm. it is difficult to produce such a high deformation 
ratio in a common work process, but the sandwich 
pushing in accordance with the present invention can 
realize the high deformation ratio. After the upper shear- 
ing blade is lowered until the upper surfaces and the 
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lower surfaces of the upper plate and the lower plate 
agree to each other, the upper shearing blade is 
stopped moving. In the present invention, strong bond- 
ing can be obtained by pushing the plastic flow 
deformed portions of the upper and the lower metal 
plates to each other. I is considered that the surface of 
the portion casing plastic flow deformation is activated 
and consequently strong metallic * bonding can be 
obtained by a small pushing force (in this case, the force 
is the stress parallel to the longitudinal direction of the 
metal plates. 

On the other hand, since the main propose of a 
conventional method is to cut off a metal plate by shear- 
ing, there is not any lapping portion as in the present 
invention. That is, an apparatus for the conventional 
method is a kind of shearers for cutting metal plate by 
shearing. In such a case, sufficient pressure is not pro- 
duced since there is no sandwich portion. That is, in 
such a construction there is a problem in that the bond- 
ing strength is weak because sufficient plastic flow 
deformation does not occurs as does in the present 
invention. Further, since plastic flow deformation does 
not occurs in such a construction, a metal plate in con- 
tact with a crop is cut off at bonding in most cases. 

Embodiments of the present invention based on the 
above principle will be described in detail below. 

Embodiment 1 ■ - i 

FIG.'T shows the basic construction of a facility suit- 
able for applying the present invention. The reference 
character 1 is a preceding bar and the reference charac- 
ter 2 is the following bar. There is provided an apparatus 
3 for overlapping the following bar on the preceding bar.- 
The overlapping is performed by overlapping the follow- 35 
ing bar ph- the preceding bar by operating a hoist 4, 
adjusting an amount of overlapping and setting the posi- 
tions of the upper and the lower shearing blades using a 
position adjusting 1 machine 6 incorporated in a bonding 
apparatus 5. There is provided a necessary lapping 40 
between the upper and the lower shearing blades to - 
produce sufficient plastic flow deformation; Then, after 
the both rolled blocks are clamped by a clamping mech- 
anism 7, an upper shearing blade 8 is pushed toward 
the lower blade 9 until a depth of 2/3 or more of the <s 
thickness of the bar to bond the bars by causing plastic 
flow deformation and performing crop separation using 
a crop separation machine 10, and further flattening the 
bar by a leveling roll 11. Thus, the series of bonding 
processes are completed. The bar is transferred to a fin- so 
ishing rolling mill soon after completion of the bonding. 
Therein, more stable bonding can be attained if a proc- 
ess 14 for removing oxide films on the surface of the bar 
before bonding! 

In order to perform continuous hot rolling of bars 
having a width of 1200 mm and a thickness of 20 mm 
using the facility shown in FIG.1, after overlapping a 
preceding bar and the following bar having a tempera- 
ture of 1000 °C and clamping the bars, the preceding 



bar and the following bar are bonded by producing plas- 
tic flow deformation by pushing in an upper shearing 
blade having a shape shown in FIG.4 toward the direc- 
tion of the plate thickness with a pushing-in speed of 0.1 
5 nVs, crop separation is performed, and then the bar 
bent by the deformation is passed through the leveling 
roll in order to flatten the bar. Thus, the bonding is com- 
pleted. The lapping between the upper shearing blade 
and the lower shearing blade is 1.5 mm. The pushing 
10 depth is set to 22 mm. Here,, the indication of . the 
amount of lapping indicates that the positions of the 
upper shearing blade and the lower shearing blade are 
in the relationship shown in FIG.3. That is, it indicates 
• that the lower shearing blade is positioned within the 
is moving position of the upper shearing blade Next, the 
bonding principle using the . bonding apparatus , 5 
according to this embodiment will be described below, 
referring to FIG.4 and FIG.5. Fig.4 shows the bonding 
processes^and FIG.5 shows the t detail, of the press 
20 bonding process during plastic flow deformation. The 
reference character Lg is a lapping between the upper 
and the lower shearing blades. After placing the over- 
lapped portion of the preceding bar, and the following 
bar between the upper shearing blade and the lower 
shearing blade and clamping the both bars so as to not 
move during plastic flow deformation process, the pre- 
ceding bar and the following bar are deformed by push- 
ing the upper shearing blade (the . lower shearing blade 
depending on a mechanism) into the bars. Oxide films 
are flaked and pealed off. Further in the deforming proc- 
ess, the pushing.force acts, between the. bonded sur : 
faces to closely attach bars and leftover ends 1 2, 1 3. are 
crop-separated. Therefore, in this embodiment, a. crop - 
separating machine is not operated and the bar is trans- 
ferred to the leveling roll to perform the flattening proc- 
ess. . , 

FIG.6 shows an example of order and elapsing time 
of bonding work using the bonding apparatus 5. The 
order of processes is overlapping, closing of the 
clamps, closing of the upper and lower shearing blades, 
plastic flow deformation (bonding), opening the clamps 
and the shearing blades, separating clop and flattening 
treatment, and the total time required for bonding was 3 
seconds. The net bonding time; that is, the time 
required for the plastic flow deformation was 0.2 second 
in this embodiment, and accordingly it can be said that 
the present invention is the best method to shorten the 
bonding time. 

It has been described above that the lapping 
between the upper shearing blade and the lower shear- 
ing blade and the positional relationship between the 
upper shearing blade and the lower shearing blade are 
important for flaking and pealing the oxide films and act- 
ing pushing force on the bonded surfaces. These will be 
55 described below further, referring to FIG.7. FIG.7 is a 
graph showing the relationship between thickness of 
bar and amount of lapping in accordance with the 
present invention. The bonding is performed under 
atmosphere and temperature of the bar is approxi- 
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mately 1000 °C. The bonding strength is determined by 
that a bonded area is obtained from broken surface of. 
teat piece after the tensile test and a breaking load is 
divided by the bonded area. The pushing speed is 0.1 
m/s. The pushing depth is set to a value equal to the s 
thickness of the bar. tTTie signs of plus and minus - 
attached to the amount of lapping indicate the positional 
relationship of the upper and the lower shearing blades - - 
as described above Large bonding^ strengths are . * 
obtained when-\the, lapping is positive, and bonding ., w 
strengths stronger than the strength capable, of with- . 
standing rolling can be' obtained .when the amount of 
lapping is larger than^+0.1 mm in the. case of the thick- , 
ness of 20 mm and when the amount of lapping is larger 
than +0.3 mm in the case of the thickness of 30 mm . ,\ 75 
The maximum strengths;are obtained when the amount 
of lapping is -3 mm in, the case of tfne. thickness ; of. 20 ... 
mm and when the;amount of, lapping is -0.6 mm in the : . 
case of the thickness of 30 mm, r Although an optimum, 
amount of lapping is varied depending on the thickness ; 20 
of plate, it is clarified that the bonding strength capable 
of withstanding rolling can be obtained, by setting the r 
amount of lapping within the range of 0.5 to 15 mm 
within the thickness of applicable bar. r ; * 

FIG.8 shows the relationship between pushing ratio 25 
and bonding strength:; The plate thickness is 20rmm, 
and the amount of lapping is 5 mm. The pushing speed !•-.:. 
is 0.1 c m/s. ; The: result shows that; bonding strength; * ■< 
higher than the strength capable of withstanding rollings r 
of 250 MPa can be obtained when the pushing depth is; > 3Q 
deeper than nearly 2/3 of the plate thickness. The same i v. 
results have been obtained for a case of a plate thick- ♦ - 
ness of 30,mnv Therein, the strength capable of with- - 
standing rolling is :a,v value: obtained, from . a result, of 
studying -the; relationship between strength of bonded * 35 
portion and rolled ability. p--.ru * ;i * jv : . ■<■ - ** '1 
FIG.9 shows ^the , relationship between pushing r,. G 
speed and bonding strength. The amount of lapping is 
set to a constant value of 5 mm, and the plate thick- , . 
nesses are 20 mm and 30 mm. within the range of the 40 
experiments the bonding strength increases as the . 
pushing speed is increased from 0.001 to 0.4 m/s. 
When the pushing speed exceeds 0.5 m/s, increase in : 
the strength, can be clearly observed. The reason of , 
increasing in the strength is in that the bonded surfaces 45 
are melted by rubbing action in the plastic How deforma- 
tion process. That is, flaking of oxide films and existence 
of liquid phase contribute the improvement of the bond- 
ing ratio. f . * ■ ■ ' ■ - 

However, FIG.9 also shows that in order to obtain so 
the strength capable of withstanding rolling it is not 
always necessary to increase the pushing speed, and it 
may be possible to select a proper pushing speed within 
the restrictions of the bonding time and manufacturing 
the apparatus. , *■ — - 55 

FIG. 10 is a matrix showing the relationship among 
temperature of bar, and deforming speed (Va), and 
presence and absence of melting. From FIG. 10. when 
the deforming speed is above 0.5 m/s in the case of 



temperature of the bar of 800 °C, the bonded surfaces 
are melted, the deforming, speed at melting initiation . , 
shifts toward the low. speed side as the temperature of 
the bar is increased, and the deforming speed is 0.4 m/s ■* 
in the case^of temperature of the bar of 1200-°C. 
Although the results for the bars haying the melting initi- , 
ation temperature . is above 1400 °C the same, it .is sown 0 
that the melted depth is larger and the melted ratio is 
increased as the melting initiation temperature is lower. 
The judgement whether melting .exists ,or not is per.-, 
formed by whether the, central surface, of the bar is 
melted more than 60*% or not The melted depth is a 
value obtained, by corroding a polished cross section,* 
and then by judging from. metallurgical structure. , ): , it . 

Since the, melted amount is small even when the. j 
pushing speed is large enough to produce melting por-.o 
tion, the bars can be bonded without; burr. ; to:: ~* <■ 
As described ; above;, according to ithe : presents 
embodiment, strong bonding can be attained by over- y 
lapping a preceding bar and the following ban adjusting 
the lap of the upper shearing blade and the lower shear- 
ing block after clamping the bars, and causing plastic 
flow deforming in the bars above 2/3 time of the thick- 
ness. Crop separation can be performed depending on 
the pushing depth in Jhe plastic flow deformation proc- 
ess. Unnecessary , leftover ends parvbe, disposed at a 
time. Therefore, it is possible to improve in productivity r 
and production yield and to realize automatic operation , 
by contjnuousjy performing until finishing rolling in a hot, 
rolling mill facility ^ja.^ h .- : v <^c tern 

Although the, present invention mainly deajs with, 
steel materials, ithe present invention can be ^applieoV 
when the objective material is changed. For. example.; 
the present invention can be applied to, a, martial covr , 
ered.with a strong i pxide t fiJm such as an aluminum alloy. ; 
Since the deforming ; cta^^ 

characteristic are different from those of steel materials, 
it has been confirmed that a strong ponding can be 
attained, by suppressing the amount of lapping smaller 
than that for steel materials and producing a larger plas-^ 
tic flow deformation than that for steel material. As 
described above, the present invention can be applied 
to a non-steel line. 

Increasing in the amount of lapping in the present 
invention means that, the sheared end portion of an 
upper plate is .pushed against a lower v plate and 
deformed.. That is, as the length of the lapping portion 
becomes larger, the pushing force at rubbing the upper 
plate and the lower plate becomes larger and the plastic 
deformation of the both plates becomes larger. In a 
case of the; positive value of the lapping, the sheared 
surface end portions of the upper plate and. the lower 
plate are rubbed a little, the flesh surfaces of the both 
plates are in contact with each other, the pushing force 
and the plastic deformation are small though ; the plates 
are bonded, and accordingly only insufficient bonding 
strength can be obtained as a result. The necessary 
amount of, lapping depends on the kind and the thick- 
ness of plates to be bonded. 
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The characteristic of FIG.2 is in the shape of the 
upper shearing blade. It is sufficient only that the upper 
shearing blade rubs the sheared surface, and deform- 
ing the other portions is simply the loss of energy. In the 
past it has been employed a method in which an upper 5 
plate is shifted downward so that the level of the upper 
plate and the level of the lower plate are brought to the 
same level. In the present invention, the positions of the 
clamps for the upper and the lower plates are not 
changed and the shearing blade is designed in a shape 10 
such that the shearing blade has an inclined surface 
when it is seen from the side direction, that is, the shear- 
ing blade has such a shape that the upper plate and the 
lower plate are in the same level at the bonded surface 
of the upper plate and the holding position of the plates 75 
is not changed at the clamping positions. 
Thereby, the construction of the bonding apparatus 
becomes simpler and the energy loss can be decreased 
smaller compared to the apparatus where the setting 
position of the upper plate is changed. 2 o 

Embodiment 2 

The basic construction of the facility is the same as 
that of Embodiment 1 and the shearing blades and the 1 25 
clamps are formed in the shapes shown in FIG. 1-1; The 
clamping mechanism 7 and the lower shearing blade 9 
are inclined in parallel; By this construction, the clamp- ■ 
ing mechanism 7 and thie' lower shearing blade 9 are 
inclined in parallel so that a large pushing force is gen* 30 
erated in the bonded surface during the process where 
the shearing blade 8 is pushed on the metal plates 2. In 
this case, a lap portion is provided in the upper shearing 
blade 8 and the lower shearing blade 9 so that a sand- 
wiching pressure is generated. Since a large pushing 35 
force is generated in the bonded surface, the bonded- 
strength becomes large and the shape of the bonded 
portion after bonding becomes flat. Therefore, there is 
an advantage in that the leveling process after bonding 
can be eliminated. ' ,: 40 

Embodiment 3 '» 

As shown in FIG. 12, the upper shearing blade 8 
and the lower shearing blade 9 are linked in parallel. In as 
this construction, by lowering the upper shearing blade 
8, a force sandwiching the metal plates 1 , 2 is gener- 
ated between the upper shearing blade and the lower 
shearing blade. Plastic flow is caused by the sandwich- 
ing, and accordingly the plates are bonded with the so 
same principle as in Embodiment 1 . In this construction, 
since the metal plate : after bonding is also flattened, the 
leveling process after bonding can be eliminated. 1 

Embodiment 4 55 

As shown in FIG. 13, two metal plates to be bonded 
are butted after the end portions the two plates are cut 
off so as to be butt-bonded, and the cut high tempera- 



ture metal plate 15 or a high temperature metal plate 15 
prepared in advance is placed on the upper surface or 
on the lower surface of the butted portion of the metal 
plates, and the shearing blade is pushed from the upper 
surface or the lower surface to bond the plates. In this 
method, although the crop treatment and the pre-treat- 
ment such as cutting for butting are added, but the lev- 
eling process can be eliminated. In this case, even 
when there is no lapping portion between the upper., 
shearing blade 8 and the lower shearing blade 9, a high 
pressure is generated in the metal plates by wedge- 
effect and sufficient plastic flow deformation can be 
caused. Further, it is possible to bond the metal plates 
by overlapping two metal plates instead ofrusing three 
metal plates. 

That is, in the present invention, a sandwiching 
pressure (may be called as "confined 1 pressure") is ^ 
applied to a very small portion of the metal plates to be 
bonded in regardless of arrangement of the shearing 
blades to cause deformation larger than a general plas- 
tic deformation rate in the metal plates and thereby to 
obtain strong bonding strength. 

Embodiments 

FIG.16 is a view showing a whole hot rolling mill 
facility in accordance with the present invention. Since 
the speed of a finishing mill after a bonding apparatus is 
higher than the speed of a continuous casting machine. . 
an apparatus for control the speed of coiling a metal 
plate called as an intermediate coiler 15 is: required 
between a coarse rolling mill 20 for a rolled block from 
the continuous casting machine and the bonding appa- 
ratus in order to matching the speeds of the line. After 
flattening the metal plate by removing coiling hysteresis 
of the intermediate coiler using a leveler 16, the metal 
plates are bonded using the bonding apparatus. The 
bonding apparatus performs bonding while running on 
rails. Since cut leftovers called crops are produced in 
the case of using the bonding apparatus according to 
the present invention, crop treatment 17 for. removing 
crops is performed and the product is produced by 
passing the metal plate through the finishing rolling milts 
18, 19. Since the bonding apparatus according to the 
present invention performs bonding within 3 seconds; 
the running distance of the bonding apparatus can be 
shortened. Thereby, the distance between the interme- 
diate coiler and the finishing rolling mill can be made 
within 65 m. Therefore, the continuous hot rolling facility 
can be made small. 

Embodiments 

FIG. 17 shows a fundamental construction of a 
bonding apparatus of the present invention. Reference 
number 21 denotes an upper shearing blade and refer- 
ence number 25 a lower shearing blade. The lower 
shearing blade 25 is divided into a bonding side lower 
shearing blade 22 and a material support lower shear- 
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ing blade 24 and the lower shearing blades 22 and 24 
are connected to each other by a lap adjustor 23. Refer- 
ence number 27 denotes a preceding bar and reference 
number 26 a following bar. FIG.1 8 is an example of fun- 
damental construction in which a bonding apparatus of 
the present invention is applied to a continuous hot strip- 
mill facility. Reference number 27 is a preceding bar and 
reference number. 26 is a following bar. Oxide films on 
the surfaces of the bars 26, 27 are removed by a descal- 
ing apparatus 31. before the bars are overlapped. 1 t .o . 
The facility is provided with ajifter 32 for piling.up the tol- .; 
lowing'bar 26 on the preceding bar 27. The bars are - 
heated by a:heater,33;to a predetermined temperature 
after overlapping the bars; Distance between the lowe.c \ 
shearing blades 22 -and 24: forming r a concave of the. 
lower shearing blade 25 is taken, so that,a jiecessary |apjc 
exists between, the* upper shearing ^blade. 21 and thej,- 
material support shearing blade, 24 so as to cause suffi- i; 
cient plastic f low. cThe uppera shearing *blade 21 1 is^ 
pressed in the bars to an extent of the thickness of the 
bar or more to cause plastic Jlow thereby to bond .the , ? 
bars. Crops formed in the bonding are separated by a 
crop separator 34, then the bonded bar is transferred to 
a finish rolling mill 35. The descaling apparatus is pro-* 
vided with water sprays 29 and 30 disposed at upper 
and lower sides of . the bars. JB ro ;-v ^ V^-jU «r. ot -.r 

In the facility shown in FIG 18; continuous hot roll- 
ing of a bar (soft steel)'6f width 1 500 mm and thickness - 
30 mm was performed: Partial descaling of a preceding ' 
bar of «1000°C and a'followihg.bar of 900?C is effected J r 
by high' pressure water 'spraying and - then the bars arei< 
overlapped. The^ overlapped; portion is heated - and 
adjusted to be 950°C, and then transferred to the bond- s= 
ing apparatus. The bonding apparatus is as shown in 
FIG. 17. Here, a lap amount between the upper shears 
ing blade 21 and bonding surface side lower shearing 
blade 22 and the material support lower shearing blade 

24 are adjusted to be 3 mm and 0 mm, respectively/The^ 
upper shearing i blade 21 1 has an arcuate shape as : 
shown in FIG. 17; the radius of the arcuate portion is 
R240. TTie length of the blade in the longitudinal direc- 
tion of the bar is 100 mm, the width of the blade is 1600, 
mm. The concave portion of the lower shearing blade 

25 both are perpendicular to the bar. The upper shear- 
ing blade is pressed in the bar by 12 times the thick- 
ness of the bar, that is . 36 mm, at a pressing speed of 
300 mm/s, thereby to cause parts of the preceding and 
following bars to perform plastic flow and bond the bars. 
At this time, a part of the Iqwer bar corresponding to a 
part of the upper shearing blade finally contacting with r 
the bar bites into the material support lower shearing 
blade by about 5 mm. Next, a craw is pressed in crops 
and separate it. whereby the bonding is completed. The 
bonded bar is sent to the f inish rolling mill and rolled. As 
a result, a continuous rolling is performed without break- 
ing in the bonding portion of the bar. Each step of the 
above process is shown in FIG. 19. In this embodiment, 
time required from a step 1 of partial descaling to a step 
7 of crop separation, as shown in FIG. 19 is 5 sec. 
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Bonding test of a simulate bar is conducted until the 
step 7 of crop separation in FIG. 19, and then a test 
piece is made from the bonded portion of. the simulate 
bar and tensile strength test is conducted. As a result, 
the same tensile strength as the matrix is attained. 

Embodiment 7 ' - ■■ *^ 

Using the bonding apparatus of the embodiment 6, 
bonding experiment is conducted by adjusting lap 
amounts between: the upper shearing blade and the 
bonding surface) side lower . shearing blade and the : 
material support lower shearing blade to 1.5 mm and 0 
mm; 0 mm and 0 mm; 0.5 mm and 0 mm; and 5 mm and 
0 mm, respectively. In any cases, excellent* bonding 
strength was attained. While a lap amount between the 
upper shearing \ blade and the bonding : surface, side 
lower shearing^ blade is.fixed tq: 3 mni-.ajap. amount, 
between the upper shearing blade and the material sup- ( 
port lower shearing blade, is changed to -3 men, -1.5 
mm. 1.5 mm, whereby a bonding experiment was.con-. 
ducted. In any cases excellent bonding strength was 
attained. * ■■: > v: ■■. • . *' .' ' • ; . ■.-•> r '. 

Further, lap amounts between the upper shearing 
blade and the bonding surface .side lower shearing 
blade and the material support lower shearing blade is.-,, 
set to 3 mm, and 0 mm, respectively, and pressing in 
speed of the upper .shearing blade is changed to 5 
mm/s, ,10 mm/s, 50 mm/s,,v100 mm/s, 500 mm/s, 
whereby a bonding experiment is; conducted. As a 
result/ the faster .the .pressing, in speed becomes, the : 
larger the bonding strength becomes. - ^ . . jt ■<--, & 

Further,; under the same - conditions as in , the 
embodiment 6, the lower shearing blade is pressed in : 
upwards by 36 mm, whereby a bonding experiment was 
conducted. The same bonding strength as in the, 
embodiment 6 was attained. 

Embodiment 8.^. 

A lower shearing blade 37 is constructed as the 
lower blade 25 of the bonding apparatus of the embodi : 
ment 6 except for a bonding surface side lower shearing 
blade 36. The shearing blade 36 has a shape inclined to 
the upper shearing blade side, as shown in FIG. 20. The 
inclination angle is 5° against a perpendicular direction. 
Using this bonding apparatus, a bonding experiment of 
soft steel simulate bar of 30t is conducted. The lap 
amount,, pressing in stroke, pressing speed, are the 
same conditions as in the embodiment 6. The strength 
of the bonding portion is 350 MPa, and higher strength 
is attained than in the embodiment 6. Further, a bonding 
experiment is conducted, changing an angle of the 
bonding surface side lower shearing blade to 10° , 15° 
and 20° . As a result, it is found that the bonding 
strength tends to increase as the angle increases. 
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Embodiment 9 

A bonding apparatus of this embodiment is the 
same as that of the embodiment 6 except for an upper 
shearing blade 38 has a shape inclined to a side of the s 
bonding surface side lower shearing blade 24, as shown 
in FIG. 24. The inclination angle is 15° against a per- 
pendicular direction. Using the bonding apparatus, a 
bonding experiment of a soft steel simulate bar of 30t is 
conducted. The lap amount, pressing in stroke, press- 
ing speed are the same conditions as in the embodi- 
ment 6. The strength of the bonding portion is higher 
than in the embodiment 6. 

Embodiment 10 

A lower shearing blade 41 in this embodiment is the *j 
same as the lower shearing blade of the bonding appa- 
ratus of the embodiment 6 except that it has a shape in 
which faces of the lower blades contacting with a sheet 
bar 27 is inclined against a running direction. of the bar. 
The angle against the running direction is 15° . An 
upper shearing blade 39 also is shaped such that a 
crossing point of the lower surface and a line from a 
crossing point of an upper surface and a front side in a 
perpendicular direction and inclined 15° against the 
front side is a starting point of an arc, as shown in FIG. 
22, and a tangential line at the arc starting point is in' 
parallel to the sheet bar. Using the bonding apparatus, a 
bonding experiment of a soft steel simulate bar of 30t is: 
conducted, wherein the lap amount, a pressing in stroke 
and a pressing speed are 0 mm, 38 mm and 300 mm/s, 
respectively. The strength of the bonding portion is suf- 
ficient for rolling - 

Embodiment 11 

An upper shearing blade 42 is different from the 
upper shearing blade 21 of the bonding apparatus of the 
embodiment 6 in that the shearing blade 42 is fixed to 
an end of an arm 43 and swung around another end of 
the arm 43 so as to press the overlapped portion of the 
sheet bars 26, 27, as shown in FIG. 23. A lower shear- 
ing blade 37 is the same as that of the embodiment 6. 
Using the bonding apparatus, a bonding experiment of 
a soft steel simulate bar of 30t is conducted. The lap 
amount, pressing in stroke, pressing speed are the 
same conditions as in the embodiment 6. The same 
bonding strength as in the embodiment 6 is attained. 

Embodiment 12 

An upper shearing blade 44 is lixed to the arm 43 
which is swingable about an end thereof. The other con- 
struction is the same as the upper shearing blade 21 of 
the bonding apparatus of the embodiment 6, as shown 
in FIG. 24. In this case, the lower shearing blade is the 
same as in the embodiment 6. Using the bonding appa- 
ratus, a bonding experiment of a soft steel simulate bar 



of 30t is conducted. The lap amount, pressing in stroke, 
pressing speed are the same conditions as in the 
embodiment 6. The same bonding strength as in the 
embodiment 6 is attained. 

Embodiment 13 

In the bonding apparatus of the embodiment 6, the 
upper shearing blade is divided into three 45, 46, 46 . 
and provided with a mechanism in which the shearing 
blades 46 at both ends can project downwards than the 
shearing blade 45 at the center, as shown in FIG. 25. 
The width of each of the shearing blades 46 at the ends 
is 400 mm, and the width of the central shearing blade 
45 is 1400 mm. Using the bonding apparatus, a plate of . 
1400* mm width and a plate of 1500 mm width are:, 
bonded. The thickness of each plate is 30 mm.^The : 
height of projection is adjusted to. 30 mm in advance, ' 
the pressing stroke of each of the three shearing blades 
45, 46 is 30 mm. A sufficient bonding strength is 
attained. Crop can be easily separated in the same 
manner in the embodiment 6. n 

Embodiment 14 * ~ 

Using the bonding apparatus of the embodiment 6, 
a sheet bar of 20 mm thickness and a sheet bar of 30 
mm thickness are bonded. The width of each sheet bar 
is 1500 mm. The lap amount is the same as in the 
embodiment 6. The pressing, stroke is set 36 mm, that 
is, it is 1 .2 times the thickness of the thicker sheet bar. 
The same bonding strength as in the embodiment 6js 
attained. , , ^ t 

Embodiment 15 , ■> ■•, 

An upper shearing blade 47 is made by forming an . , 
upper shearing blade as in the bonding apparatus of the 
embodiment 6 into such a shape that. 1/3 of the blade in 
the sheet bar longitudinal direction is in parallel with the 
sheet bar, the following part is straight line inclined 10° 
against the sheet bar and a final contact portion is par- 
tial arc of R30, as shown in FIG. 26. Using the bonding 
apparatus, a bonding experiment of a soft steel simulate 
bar of 30t is conducted. The lap amount, pressing in 
stroke, pressing speed are the same conditions as in 
the embodiment 6. The bonding strength was higher 
than in the embodiment 6. 

Embodiment 16 

An upper shearing blade 48 is formed by forming an 
upper shearing blade as in the bonding apparatus of the 
embodiment 6 into a multi-arc shape formed by multiple 
arcs in a sheet bar longitudinal direction, as shown in 
FIG. 27. In FIG. 27, radius R1 is R360, R2 is R120, R3 
is R80 and R4 is R 30, the surface is made so as to be 
in a smoothly changing curve. Using the bonding appa- 
ratus, a bonding experiment of a soft steel simulate bar 
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of 30t is conducted. The lap amount pressing in stroke, 
pressing speed are the same " conditions as in the 
embodiment 6. The bonding strength was higher than in 
the embodiment 6. 

Embodiment 17 

An upper shearing blade 49 is formed by forming an 
upper shearing blade as in the bonding apparatus of the 
embodiment 6 into a shape in which a portion starting to io 
contact with the sheet bar is shifted a little; toward a 
backward side from the bonding portion, as shown in 
FIG. 28. The lower side' of the upper shearing blade is 
arcuate and its radius is R 240 mm. The arc starts at 6 
10° against the perpendicular front side thereof, as is 
shown in FIG. 28. Using the bonding apparatus, a bond- 
ing experiment of a soft steel simulate bar of 30t is con- 
ducted. The pressing in stroke is 40 mm, the other 
bonding conditions- are the same as in the embodiment 
6. The bonding: strength was as high as that in the 20 
embodiment 6. 

Embodiment 18" i 

An upper shearing blade 50 is formed by forming an 25 
upper shearing blade as in the bonding apparatus of the 
embodiment 6 into a wave-form shape formed in trian- 
gles when viewed from upper side of the sheet bar, as 
shown in FIG. 29. The shape of the upper shearing 
blade viewed from a lateral side of the sheet bar is 30 
formed by a straight line in parallel with the bar and an 
arc-line- which straight line expresses a portion corre- 
sponding to the wave-formed portion and the arc-line 
the other portion. The shape of the lower shearing blade 
51 , viewed from the upper side of the bar is wave-form 35 
which is the same as the T shape of the upper shearing 
blade. Using the bonding apparatus, a bonding experi- 
ment of a soft steel simulate bar of 30t is conducted. 
The lap amount, pressing in stroke, pressing speed are 
the same conditions as in the embodiment 6. The bond- 40 
ing strength was higher than in the embodiment 6r 

Embodiment 19 

The shape of the upper shearing blade of the bond- 45 
ing apparatus of the embodiment 6 is made into a wave- 
form shape formed in curved shape or rectangular 
shape when viewed from upper side of the sheet bar, as 
shown in FIGS. 30, 31, whereby an upper shearing 
blade 52 or 54 is formed. The shape of the upper shear- so 
ing blade viewed from a lateral side of the sheet bar is 
such that a portion corresponding to the wave form is a 
straight line in parallel with the bar and an arc-line, and 
the other portion is an arc-line. The shape of the lower 
shearing blade 53, 55. viewed from the upper side of the ss 
bar is wave-form which is the same as the shape of the 
upper shearing blade. Using the bonding apparatus, a 
bonding experiment of a soft steel simulate bar of 30t is 
conducted. The lap amount, pressing in stroke, press- 



ing speed are the same conditions as in the embodi- 
ment 1. The bonding strength was higher than in the 
embodiment 1 . 

Embodiment 20 

The shape of the upper shearing blade of the bond- 
ing apparatus of the embodiment 6 is made into a V-let- 
ter shape having both width ends projecting toward the 
forward side when viewed from upper side of the sheet 
bar, as shown in FIG. 32, whereby an upper shearing ; 
blade 56 is formed. The shape of the upper shearing , 
blade 56 viewed from a lateral side of the sheet bar, is : 
such that a portion until a portion corresponding to a 
bottom portion of the V-letter shape is a straight line in 
parallel with the bar and an arc-line, and the other por- 
tion is an arc-line. The. shape of the lower shearing 
blade 57 is a shape coping with the shape of the upper, 
shearing blade. Using the bonding apparatus, the same , 
sheet bars as in the embodiment 6 are bonded under , 
the same bonding conditions as in the embodiment 6, 
and then finish rolling is effected. As a result, end cracks 
after the rolling become smaller than in the embodiment 
6. 



Embodiment 21 

An upper shearing blade. 58 is formed by forming 
the upper shearing blade of the bonding apparatus of% 
the embodiment 6, viewed from the upper side of the 
sheet bar to be a multi-trjangle-superimposed V-letter 
shape having both width ends projecting toward the for- 
ward side, as shown in FIG. 33. The shape of the upper 
shearing blade 58, viewed from a lateral side of the 
sheet bar is such that a portion until a portion corre- 
sponding .to a bottom portion of the V-letter shape is a 
straight line in parallel with the bar and an arc-line, and 
the other portion is an arc-line. The shape of the lower 
shearing blade 59 is a shape coping with the shape of 
the upper shearing blade. Using the bonding apparatus, 
the same sheet bars as in the embodiment 6 are 
bonded under the same bonding conditions as in the 
embodiment 6, and then finish rolling is effected. As a 
result, bonding strength higher than in the embodiment 
6 is attained and almost no end cracks after the rolling 
appears. . * - 

Embodiment 22 

A bonding apparatus of this embodiment is a type 
wherein both of the shearing blade 8(upper shearing 
blade) and the supports 9(lower shearing blade), shown 
in Fig. 3, of the embodiment 1 are simultaneously 
moved toward sheet bars to be bonded and the shear- 
ing blade 8 is pressed in a overlapped portion of the 
sheet bars. The shapes of the upper and lower shearing 
blades 8, 9. a pressing speed, pressing depth and a lap 
amount are the same as in the embodiment 1 . Here, the 
bonding apparatus is a fixed type, that is, the bonding 
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apparatus itself does not move along with the move- 
ment of the sheet bars, and it is a pendulum type 
wherein the upper and lower shearing blades 8, 9 move 
perpendicularly to the running sheet bars. 

Namely, in the bonding apparatus, while the shear- s 
ing blade 8 and the supports 9 are being moved in the 
running direction of the sheet bars by a speed synchro- 
nizing* apparatus^ having a 4 crank used therein( while 
they 8, 9 are being moved in synchromisim with the run- 
ning speed of the sheet bars), at the same time the io 
shearing blade 8 and the supports 9 are moved perpen- . 
dicularly to the sheet bars to bond them. In the embodi- 
ment; also, the same bonding strength of the bars as in 
the embodiment ! is attained. - " 'i - 

According to the first aspect of the present inven- 75 
tion, sufficiently strong bonding of metal plates is possk ♦ ... 
ble within- short time. r ln particular- H is possible to ' 
provide" "a bonding * apparatus which is disposed 
between a hot strip mill and a finish rolling mill and 
necessitated to provide because of difference in rolling 20 
speed between the rolling mills and which is suitable for 
bonding sheet bars. " '*<. ' - - ; ; ^ . 

According to the second aspect of the" present 
invention, the entire length of the rolling facility can be 
shortened because the time required for bonding is 25 
short. A looper can be omitted. Since sufficient bonding 
strength can be attained, there is no such a problem 
that a bonded portion of bar is broken during rolling and 
the surfaces of the roiling rolls are scratched. ; • ^ * v- 

According to the third aspect of the present invent 30 
tion, it is possible to attain a strong bonding of metal ' ' 
plates.' - • ■ ' '* ' r< " ■ - v 

Claims - ■ ■ * ■. .-« . . 

■ ,; "■ - . ■ : * . : '<>.; m 35 

1. A bonding apparatus for bonding metal plates, 
characterized by JI r !r : , 

- -. - ■ . 1 ■ . . ^ 

an overlapping mechanism (3) overlapping por- 
tions to be bonded of the metal plates (1, 2), <o 

at least two supports (9) for supporting the 
overlapped portion of the metal plates at one 
side of the metal plates, ' 

a shearing blade (8) disposed at an opposite 
position of said supports so as to sandwich the 
overlapped portion of the metal plates, and : 

wherein a moving mechanism is provided for so 
moving relatively at least one of said shearing 
blade and said supports so as to sandwich the 
overlapped portion of the metal plates between ** 
said supports and said shearing blade. ' 

* 1 ' 55 

2. Bonding apparatus according to claim 1 , character- 
ized in that an extension line of a relative operating 
locus of said shearing blade (8) crosses one of said 
supports (9). 



3. Bonding apparatus according to claim 2, character- 
ized in that said shearing blade (8) has such a 
shape that a lower edge portion closer to said sup- 
port crossing said extension line of the relative 
operating locus of said shearing blade is closer to 
the overlapped portion of the metal plates than 
other lower edge portion closer to the other sup- 
port. > ... r 

4. Bonding apparatus according to claim 1 , character- 
ized in that said shearing blade (8) moves relatively, 
and straightly toward said supports (9) and there is 
an overlapped portion that said shearing blade and 
one of said supports are overlapped, viewed in a 
direction in parallel with a relative operating line of 
said shearing blade.- , _i -! r y 

' * - ' — ' r ;- ■ -ic? v ■ - ; 

5. Bonding apparatus according to claim 4, character- 
ized in that said overlapped portion is 10 mm or less 
in a longitudinal direction of the metal plate, - 

•* : . 

6. Bonding apparatus according to anyone of the 
claims 1 to 5, characterized in that an operation 
stroke of said at least one of said shearing blade (8) 
and said supports (9) from a contact position of said 
shearing blade and the surface of the overlapped 
metal plates is 50-150 % of the maximurn thickness 
of a maximum thickness metal plate (2) of the over- 
lapped metal plates (1, 2). »i: . ;>t : } f 

7. Bonding apparatus according to, .anyone^ of j the 
claims 1 to 6, characterized by a mechanism in 
which said bonding apparatus (5) is movable on a 
rail. ; 1 < > • v-- - '' ■ ->> ■■- ' ''< ^»..r- 

' ' - " L< ,-*yl- !L \- ._ * , ; ( o, t-j-t . / 

8. Bonding apparatus according to anyone of the { 
claims 1 to 7; characterized in that said supports 
(22;24) are connected to each other to form a con- - 
cave form (25). 

9. Bonding apparatus according to anyone of the 
claims 1 to 8, characterized in that the metal plates 
(1 , 2; 26, 27) are hot rolling plates. 

10. Bonding apparatus according to anyone of the 
claims 1 to 9, characterized in that a sectional 
shape of said shearing blade (8), taken from a lat- 
eral side of a longitudinal, direction of the metal 
plate is a polygonal of trapezoidal shape, a contact- ■ 
ing area of said shearing blade (8) and the metal 
plates (1, 2) changes continuously and an angle of 
a portion of said shearing blade, contacting first . 
with the metal plate is about 0° against the longitu- 
dinal direction of the metal plate. 

11. Bonding apparatus according to anyone of the 
claims 1 to 10, characterized in that a sectional 
shape of said shearing blade, taken from a lateral 
side of a longitudinal direction of the metal plate is 
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different in a width direction of the metal plate. 

12. Bonding apparatus according to anyone of the 
claims 1 to 1 1 , characterized in that a sectional 
shape of said shearing blade (50), taken from an s 
upper or lower side of the metal plate (26, 27) in a 
longitudinal direction is formed in a wave-form 
defined by a straight or curved line. 

13. Bonding apparatus according to anyone of the io 
claims 1 to 11, characterized in that a sectional 
shape of said shearing blade (56)_ f . taken Jrom^an 
upper or lower side of the metal piate in ajongjtiidi- 

nal direction is a V-letter shape with both width^wise. ' 
ends protruding toward a forward side of the metal is 
plate (26, 27). r 

, --J-- - 

14. Bonding apparatus according to claim 8, character- 
ized in that the distance in a longitudinal direction of 
the metal plates between support portions of said 
concave support is smaller toward a side of said 
shearing blade. 
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a crop treatment apparatus for separating crop 
produced during the bonding; 

a finishing rolling mill; and 

wherein said bonding apparatus is a bonding 
apparatus according to claim 1 . 

20. A method of bonding metal plates, comprising the 
steps of: 

overlapping at least two metal plates (l. 2; 26, 
27); 

applying shearing force on at least one portion 
of a overlapped portion of the metal plates in a 
thickness direction of the metal plates, and 

bonding the metal plates while inducing such 
pressure in shearing faces of the overlapped 
portion that the shearing faces are pressed 
each other. 



15. 



Bonding apparatus according to anyone of the 
claims 1 to 14 ( characterized by a mechanism (32, 
33) for overlapping the metal plates (26. 27) after 
descaling of at least one portion of a portion to,be. .:: 
overlapped of the metal plates. - --*>r : * j ; ■ r 



21. 
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16. 



17. 



18. 



Bonding apparatus according to claim 8, character--* 
ized in that the length between said supports (22, 
24) forming said concave form (25) in a longitudinal 
direction of the metal plate- (26, -27) is shorter- than 
the length of said shearing blade (21) in the longitu- 
dinal direction of the metal plate. j . \ 

Bonding apparatus according to anyone of the 
claims 1 to 16, characterized by a temperature 
adjustor for adjusting the temperature of the metal 
plates to be bonded before bonding. 

Bonding apparatus according to anyone of the 
claims 1 to 17, characterized in that a speed at 
which said at least one of said shearing blade (8) 
and said supports (9) is pressed in the metal plates 
(1, 2) is 5 mm/s or more. 



19. A hot strip mill facility, comprising: 

an intermediate coiler for coiling up a metal 
plate; 

a leveler for flattening the metal plate from said 
intermediate coiler; 

a bonding apparatus for overlapping the metal 
plate from said leveler and bonding the metal 
plate; 



A method of bonding metal plates, wherein at least 
two metal plates are overlapped, at least one por- 
tion of a overlapped portion of the metal plates is 
extended|SO that a deformation rate is 100 % or 
more, and at the same time such force that the 
extended' portions are pressed each other is 
applied to the metal plates from outside the metal 
plates, whereby the metal piates are bonded. 



22. A method of bonding metal plates, comprising the 
steps of: 

overlapping at least two metal plates to provide 
an overlapped portion; 

restraining all the overlapped portion of the 
metal plates in the longitudinal direction; and 

applying pressures which sandwiches the at 
least two metal plates in the thickness direction 
of said metal plates to at least a part of the 
metal plates from the outside of the metal 
plates to extend the metal plates and press the 
extended portions each other thereby to bond 
the metal plates. 



so 23. A method of bonding metal plates according to 
claim 20, wherein oxide scales on surface of at 
least one portion of the metal plates are removed 
before the metal plates are overlapped. 
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FIG. 3 
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FIG. 6 
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FIG. 8 
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FIG. 1 1 
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FIG. 13 
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(57) A bonding apparatus (5) for bonding metal 
plates, comprises an overlapping mechanism (3) over- 
lapping portions to be bonded of the metal plates (1 ,2). 
at least two supports for supporting the overlapped por- 
tion of the metal plates at one side of the metal plates, 
and a shearing blade (8) disposed at an opposite posi- 
tion of the supports so as to sandwich the overlapped 
portion of the metal plates, wherein a moving mecha- 
nism is provided for moving relatively at least one of the 
shearing blade and the supports so as to sandwich the 
overlapped portion of the metal plates (1 ,2) between the 
supports and the shearing blade (8). A method for bond- 
ing is characterized by bonding metal plated by using 
the above apparatus (5). 
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